This study aimed to construct a scoring system developed exclusively from the preoperative data that predicts 1-year postoperative mortality in patients with solid cancers. A total of 20,632 patients who had a curative resection for solidorgan cancers between 2007 and 2012 at Chang Gung Memorial Hospital Linkou Medical Center were included in the derivation cohort. Multivariate logistic regression analysis was performed to develop a risk model that predicts 1-year postoperative mortality. Patients were then stratified into four risk groups (low-, intermediate-, high-, and very high-risk) according to the total score (0-43) form mortality risk analysis. An independent cohort of 16,656 patients who underwent curative cancer surgeries at three other hospitals during the same study period (validation cohort) was enrolled to verify the risk model. Age, gender, cancer site, history of previous cancer, tumor stage, Charlson comorbidity index, American Society of Anesthesiologist score, admission type, and Eastern Cooperative Oncology Group performance status were independently predictive of 1-year postoperative mortality. The 1-year postoperative mortality rates were 0.5%, 3.8%, 14.6%, and 33.8%, respectively, among the four risk groups in the derivation cohort (c-statistic, 0.80), compared with 0.9%, 4.2%, 14.6%, and 32.6%, respectively, in the validation cohort (c-statistic, 0.78). The risk stratification model also demonstrated good discrimination of long-term survival outcome of the four-tier risk groups (P < 0.01 for both cohorts). The risk stratification model not only predicts 1-year postoperative mortality but also differentiates long-term survival outcome between the risk groups.
Introduction
Comprehensive preoperative assessment and accurate prediction of surgery-related risks are vital in ensuring better patient selection and improved surgical outcomes in the management of solid-organ cancers. Postoperative mortality is one of the most used study endpoints in the literature that indicates the quality of cancer surgery and postoperative care. Presently, 30-day and in-hospital mortality rates for various cancer types are well documented in institutional [1] [2] [3] [4] [5] and national statistics [6, 7] . Using the Dutch Cancer Registry, Damhuis et al. showed that 43% of in-hospital deaths for esophageal cancer occurred 30 days or later after the operation [8] . Extending the
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A simple risk stratification model that predicts 1-year postoperative mortality rate in patients with solid-organ cancer mortality period beyond 30 days has the advantage that patients who die of surgery-related complications outside the hospital are also included in the database. Indeed, recent literature suggests that extending postoperative mortality beyond 30 days and longer would better indicate the true incidence of surgery-related mortality and quality of surgical care [9] [10] [11] [12] . The ability to predict postoperative mortality risk before surgery provides valuable prognostic information to the clinicians, the patients, and their families [13, 14] . The aim of this study was to develop and validate a simple risk scoring model using exclusively preoperative data that predicts 1-year postoperative mortality for patients with different solid-organ cancers.
Patients and Methods

Patient selection
A retrospective analysis was performed on patients who underwent operations for primary solid-organ cancers between January 2007 and December 2012 at Chang Gung Memorial Hospital (CGMH) Linkou Medical Center (derivation cohort). Patients with either pathologically or radiologically proven malignancies undergoing a curative resection for the primary cancer were included in the study. Patients who received a palliative procedure (resections or bypass surgery) were excluded. In addition, patients with skin cancers and superficial urinary bladder cancers were also precluded. The validation cohort consisted of a group of consecutively operated cancer patients with the same selection and exclusion criteria who were enrolled over the same study period from the three CGMH affiliated hospitals (Keelung branch, regional hospital; Chiayi branch, regional hospital; and Kaohsiung branch, medical center). The study was approved by the Institutional Review Board in all CGMH branches.
Data collection
The prospectively collected administrative and clinical data included patient demographics, American Society of Anesthesiologist score (ASA score), and Charlson comorbidity index (CCI). Patient demographics, including age, gender, Eastern Cooperative Oncology Group performance status (ECOG scale), history of previous cancer, preexisting comorbidities, cancer by anatomic location, and clinical tumor staging, were recorded prospectively by the primary care clinicians using an electronic patient record form. The electronic patient record form was introduced in2006 by the institutional cancer center with the intention to improve the quality of cancer patient care after the implementation of Cancer Prevention and Treatment Act in Taiwan. The clinical data were completed and maintained by the individual multidisciplinary cancer care teams and the cancer center. Tumor stage was recorded as localized, regional, advanced, and unclassified using SEER summary stage classification [14] . American Society Anesthesiologist scores were evaluated by the anesthesiologists at preanesthetic evaluation, while CCIs were calculated from the electronic patient record forms using International Classification of Diseases, Ninth Revision (ICD-9). Patient who had a diagnosis of more than one cancer or had received more than one operation for the primary tumor during the study period was analyzed from the date of operation for the first tumor or the first surgery.
Follow-up
All patients were followed up until death or 30 June 2014. Survival time was determined from the time of surgery to death or 30 June 2014. The date of death was obtained from the National Registry of Death database in Taiwan. The incidences and the mortality rates of cancers were obtained from the Taiwan Cancer Registry (TCR).
Statistical analysis
Patient demographic data were summarized as numbers and percentages for categorical variables, and medians and interquartile ranges (IQRs) for continuous variables. The following nine variables were assessed in the univariate logistic regression model (with a binary outcome of death or survival at 1 year after operation): gender, age (decades), cancer type, history of previous cancer, tumor stage, ASA score, ECOG scale, admission type (elective or nonelective), and CCI. The optimal category of variables was selected in order to generate preliminary data with better discrimination of mortality rates. Tests for interaction among the nine variables were performed using interaction terms in a multivariate logistic regression model. This model was then used to determine independent predictors of 1-year postoperative mortality and their odds ratios (ORs). The β-coefficients from the final model were used to generate point scores for the 1-year postoperative mortality risk. Patients were then stratified into four risk groups according to the total score obtained from the mortality risk analysis using a Cox regression model. Receiver operating characteristic (ROC) curves and the area under the curve (c-statistic) were used to determine the accuracy of the 1-year postoperative mortality risk model. A c-statistic >0.70 was considered as a reasonable model. The validity of the resulting mortality risk model was then assessed by the validation cohort. Overall survival among the four risk groups was estimated by the Kaplan-Meier method, and the differences in survival distributions were analyzed by the Log-rank test. SPSS 17.0 software (SPSS Inc., Chicago, IL) was used for all statistical analyses. A P < 0.05 was considered to be statistically significant.
Results
Patient characteristics
A total of 20,632 and 16,656 cancer patients who underwent a curative resection for primary solid-organ cancers were included in the derivation and validation cohorts, respectively. Demographic characteristics were similar between the derivation and validation cohorts ( Table 1 ). All primary cancers were initially grouped into 12 types according to the anatomic locations. These were colorectal, head and neck, breast, gynecologic, genitourinary, hepatobiliary-pancreatic (HPB), stomach and small bowel, thyroid, thorax, central nervous system (CNS), esophagus, and others. The median follow-ups were 39.5 months (IQR, 23.3-60.9 months) and 38.1 months (IQR, 22.0-59.9 months) in the derivation and validation cohorts, respectively. The 1-year postoperative mortality rates were 9.4%, 10.4%, and 9.8% in the derivation, validation, and overall cohorts, respectively. Longitudinal postoperative mortality rates of the derivation cohort The 1-, 3-, 6-months, and 1-year postoperative mortality rates of the derivation cohort, as stratified by the study variables, are shown in Table 2 . Of note, the 12 anatomybased cancer types were reclassified into five cancer groups according to their potential postoperative mortality risk. The 1-year postoperative mortality rates were significantly higher in male gender, oldest old (>80 year-old), digestive tract cancers, CNS cancers, advanced tumor stage, poor ECOG scale, nonelective admission, and poor CCI, in comparison with the mean 1-year postoperative mortality rate of the whole derivation cohort.
Independent predictive factors of 1-year postoperative mortality in the derivation cohort
The results of the univariate and multivariate analyses are shown in Table 3 . Age, gender, cancer group, history of previous cancer, tumor stage, CCI, ASA score, admission type, and ECOG scale were all independent variables influencing 1-year postoperative mortality.
Risk model, risk group classification and model accuracy in the derivation cohort
The 1-year postoperative mortality risk model and the scoring system generated from the β-coefficients of the multivariate analysis are summarized in Table 4 . Patients were stratified into low-, intermediate-, high-, and very high-risk groups on the basis of the total-risk model score; and the corresponding 1-year postoperative mortality rates and the ORs of the four risk groups in the derivation cohort were shown (Fig. 1) . The c-statistic of the four-tier risk model was up to 0.80 (95% confidence interval [CI], 0.79-0.81); whereas the c-statistics were decreased to 0.68 and 0.64, when constructed by tumor stage and CCI, respectively ( Fig. 2A) . 
Validation of risk model accuracy for 1-year postoperative mortality
In the validation cohort, the 1-year postoperative mortality rates were 0.9%, 4.2%, 14.6%, and 32.6% for the low-, intermediate-, high-, and very high-risk groups, respectively, which were comparable to those of the derivation cohort (Fig. 1) . Again, the c-statistics of these four-tier risk model was 0.78 (95% [CI], 0.77-0.79); whereas the c-statistics were decreased to 0.70 and 0.60, when constructed by tumor stage and CCI, respectively (Fig. 2B) .
Survival outcomes of the derivation and validation cohorts
At the date of study censor, 9.4% of patients in the derivation cohort and 10.4% of patients in the validation cohort died 1 year after surgery. Statistically significant survival differences out to 80 months postoperatively were observed between the four risk model groups in both derivation (P < 0.001) and validation cohorts (P < 0.001) (Fig. 3 , Table 5 ). 
Discussion
In the present study, we audited the longitudinal mortality rates on a large cohort of patients with solid-organ cancers who had undergone a curative resection in a tertiary referral medical center within a 6-year period. Of the solid-organ cancers identified lung, liver, colorectal, breast, head and neck, prostate, gastric, pancreatic, esophageal, and gynecological cancers, in the order of decreasing prevalence, represent the ten leading causes of cancer-related death in Taiwan [15] . Through the integration of the prospectively collected electronic medical records [16] , administrative data such as ICD-9, and deceased data from TCR [15] , we were able to analyze patient demographics, cancer types, history of previous cancer, tumor stage, admission type, and associated medical comorbidities in a nonbiased and quantitative manner with minimal missing data. By correlating these preoperative data with the 1-year postoperative mortality rates, a simple, point scoring, and risk stratification tool was developed using multivariate logistic regression method. The derivative risk model was then validated by an independent patient cohort and shown to be functioning well by the ROC (receiver operation characteristic) curves.
In an era of advancing scientific knowledge and technology, there is a growing demand from the cancer patients and their treating clinicians for a simple risk stratification model that could accurately predict postoperative mortality and allow for better patient selection to avoid under and over treatment, and substantially improve survival outcomes and life quality [17] [18] [19] [20] . The mortality risk model was developed entirely from the preoperative data without taking into account of specific laboratory results, intraoperative variables, and immediate postoperative complications. Factors that are commonly cited in a risk-adjusted predictive model for cancer patient outcomes include age, gender, cancer site, tumor staging, laboratory data, intraoperative findings, and postoperative complications. However, functional status of a patient, an important factor in determining the treatment outcome, is not routinely collected in the administrative datasets. ECOG scale, ASA score, and CCI, either alone or in combination, are the three commonly used measurements that reflect the functional status of a patient [21] [22] [23] [24] [25] [26] . Although other investigators have examined the predictive value of these functional measurements for postoperative morbidity and mortality in the surgical treatment of cancer patients at various time points such as 30, 60, or 90 days [19, [25] [26] [27] [28] [29] , the results have been mixed and none has indicated an optimal combination. In this study, ECOG scale, ASA score, and CCI have all been shown to independently influence 1-year postoperative mortality in our cohort of cancer patients. In this study, the 12anatomy -based cancer types were reallocated into five cancer groups according to their observed 1-year postoperative mortality. As illustrated in Table 2 , the highest 1-year postoperative mortality rate was observed in CNS surgery, followed by HPB and upper gastrointestinal tract, head and neck and lung, colorectal and genitourinary, and breast and thyroid surgeries, in descending order. This organ-specific postoperative risk classification is imperative for two reasons. Firstly, it serves to indicate the radicality of the surgical procedures that involves removal of vital organs and reduction in their functional reserve such as cognition, digestion, and respiration. Secondly, it partly reflects the life expectancy that is inherently linked to the biology of individual cancer. As a result, the probability of 1-year postoperative mortality in colorectal, esophageal, HPB, and brain cancer patients were 2.0-, 6.5-, 5.4-, and 14.3-fold, respectively, in comparison with that of breast and thyroid cancers in this study.
The available evidence would suggest that elderly cancer patients tend to have a higher rate of postoperative morbidity, either procedure-related or unrelated, than the younger counterparts [17, 19, 20] . In a national populationbased outcome study, Finlayson et al. reported that operative mortality among the octogenarians was higher than that of the younger patients for the three major cancer surgeries investigated, namely, esophagectomy, pancreatectomy, and lung resection [6] . In addition, long-term survival among octogenarians with two or more comorbidities was worse than those with fewer comorbid diagnoses. Similarly, our recent publication also demonstrated a higher surgical morbidity rate in the older group of patients with gastric cancer (>80 years) than in the younger group (<80 years, 18.3% vs. 12.6%, P = 0.035) [16] . Although the 30-day mortality rates did not differ significantly between the two groups, the in-hospital mortality rate of the older group was higher than that of the younger group (6.7% vs. 3.1%, P = 0.016). These findings suggested that the elderly patients were more likely to succumb to postoperative complications because of preexisting or unrecognized comorbidities. Robinson et al. have shown that the constellation of frailty, disability, and comorbidity were associated with 6-month mortality rate up to 15% in elderly patients following general, thoracic, vascular, and urologic procedures [18] . Based on the risk model developed in the present study, a male octogenarian with regional-staged gastric cancer would be stratified to the very high-risk group, even without any medical comorbidity, and the predicted 1-year postoperative mortality rate would be as high as 33.8%. This prediction is astonishingly higher than our previously reported 30-day and in-hospital mortality rates of 3.0% and 6.7%, respectively [16] . The discrepancy in the mortality rates highlights the importance of appropriate patient selection, preoperative risk stratification, and refinement of postoperative care.
Undoubtedly, some might argue that 1-year postoperative mortality links with tumor factors and patients' factors; thus it should distinguish 1-year relapse-free mortality from cancer-specific mortality. According to our data, tumor staging accounted for the most influencing component among our nine independent variables, up to 10-point score for advanced stage in our scoring system. Advanced tumor stage always indicate more aggressive surgical extent and more devastating loss of functional reservoir, as well higher probability of early cancer recurrence. Taken together, our 1-year postoperative mortality would be relevant to either sequel of surgical complications or early cancer recurrence or both. In many circumstances, the cause of death was not easily elucidated. Nevertheless, from practical point of view, overall postoperative mortality at 1 year represents our major concern rather than relapse-free mortality. Regarding to this perspective, our integrated risk model provided a much better power (c-statistic, 0.80) to predict 1-year postoperative mortality, compared with that by either tumor factor (tumor stage, c-statistic, 0.68) or patients' factor (CCI, c-statistic, 0.59) alone.
Lastly but not least importantly, our risk stratification model additionally conferred good discrimination and accuracy of long-term survival of four-tier risk groups irrespective of their original cancer types and staging, even though our initial proof-of-concept was not designed for this purpose. Similar to that of 1-year postoperative mortality, long-term survivals of cancer patients after definite treatment are in large extent determined by the cancer types, tumor stage, and patients' factors such as age, 
